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ABSTRACT  
 
Background: There is conflicting evidence on the associations between participation in 
vigorous sports, health habits, familial factors and subsequent mortality. We investigated all-
cause mortality and health-related behavior among former elite athletes and their brothers. 
Methods: The mortality of Finnish male former elite athletes, who had represented Finland 
between 1920 and 1965 (n=900) and their age-matched brothers (n=900) was followed from 
the time when athlete started an elite athlete career until December 31, 2015.  The age-
adjusted Hazard ratios (HRs) were calculated by a paired Cox proportional hazards model. In 
2001 surviving participants (n=199 athletes and n=199 age-matched brothers) questionnaire-
reported their self-rated health (SRH), physical activity, alcohol consumption and smoking 
habits. 
Results: During the total follow-up period 1296 deaths (72% of the cohort) occurred. The 
age-adjusted HRs for all-cause mortality in former athletes was 0.75 (95% CI 0.65 to 0.87, 
p<0.001) compared to their age-matched brothers. Median age at death was 79.9 years for 
endurance, 75.9 years for mixed sports, and 72.2 years for power sports athletes, and 77.5, 
73.7 and 72.2 years for their age-matched brothers respectively. In 2001, compared to their 
brothers, former athletes smoked less (p<0.001), were more physically active (p<0.05), and 
rated their health more often as very good  (p<0.05).  
Conclusions: Former elite athletes are more physically active, smoke less, have better SRH 
and live longer than their brothers. Genetic differences between athletes and brothers, aerobic 
training for endurance elite sports and a healthier lifestyle may all contribute to reduced 
mortality.  
 
Key words: ALCOHOL, CHRONIC DISEASE, COHORT STUDY, FORMER ATHLETE, 
MORTALITY, PHYSICAL ACTIVITY, SMOKING. 
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INTRODUCTION 1 
 2 
Observational studies show that certain lifestyle habits, such as hazardous alcohol drinking, 3 
cigarette smoking, and low physical activity are important predictors of morbidity and 4 
mortality.1 Furthermore, self-rated health (SRH) is a predictor of mortality,2 and physical 5 
activity (PA) is related to better SRH.3-4 6 
 7 
Regular PA is associated with better functioning and well-being especially at older age,5-6 a 8 
lower risk for morbidity,7-8 and all-cause mortality.9-12 Former endurance and mixed sports 9 
athletes have lower mortality  than the general population,13 but previous studies  report 10 
inconsistent results for power sports athletes.14 However, very intense patterns of exercise 11 
may increase risk for cardiovascular morbidity and mortality compared to light to moderate 12 
amounts of exercise.9,15  13 
 14 
There is no irrefutable evidence on a causal relationship between physical activity in 15 
adulthood and mortality, either in animal experiments, or randomized controlled intervention 16 
studies with healthy individuals.16 Cardiorespiratory fitness (CRF) is as a strong, independent 17 
predictor of all-cause and disease-specific mortality17 and high level of CRF is associated 18 
with a lower risk of all-cause and cardiovascular disease (CVD) mortality, in both rats18 and 19 
humans.19,20 It has previously been widely reported that former athletes have lower morbidity 20 
and mortality compared to general population,12 which may be due to their genetic 21 
background, increased PA levels or other better health habits.7-8,13 Former athletes are more 22 
physically active and smoke less than controls,12 while former21-22 or current athletes consume 23 
more alcohol than non-athletes.23 24 
 25 
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In contrast to our earlier studies on a cohort of former elite athletes before,11,13 but  we use 26 
brothers as control rather than unrelated healthy men.  We selected brothers as controls 27 
because they are genetically related and generally share the same family environment in 28 
childhood. Thus, they may serve to control for experiences and exposures that cannot be 29 
assessed when using unrelated controls. The aim of this study was to investigate whether all-30 
cause mortality and the development of behavioral and biological risk factors differ between 31 
athletes and their brothers in later life. This unique study reveals novel data on the 32 
associations between PA, familial factors, health-related behaviour, and mortality.  33 
 34 
METHODS 35 
 36 
Participants  37 
 38 
An original cohort of former elite athletes (n=2657) was formed by identifying men who had 39 
represented Finland between 1920 and 1965 at least once at the Olympic Games, European or 40 
World championships, or inter-country competitions.12 The athlete’s brothers (n=2674) has 41 
been collected from local parish registry data in early 1980s. 42 
 43 
We excluded 219 athletes and 1774 brothers due to missing or uncertain information on date 44 
of birth, date of death or death before 1936. We also excluded brothers who had died before 45 
the time when the athlete started an elite athlete career. After including only athletes who had 46 
brothers with complete data, the final study population (n=2755) consisted of 900 former 47 
male athletes and their 1855 brothers (Table 1 and Figure 1). Former elite athletes (n=900) 48 
and their individually matched brothers who were closest in age (n=900) were included in the 49 
primary mortality analysis (paired Cox regression model).  The former male athletes were 50 
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classified according to sports and sports-specific aerobic fitness characteristics into the 51 
following three groups:12 endurance sports (n=217), mixed sports (n=307) and power sports 52 
(n=376) (individual sports are given in Table 1 and Figure 1).  We also did a sensitivity 53 
analysis based on former elite athletes (n=900) and all of their brothers (n=1855) (Figure 1). 54 
 55 
Socioeconomic status was defined by five occupation-based social class groups: upper white 56 
collar (executive and professionals), lower white collar workers (clerical work and 57 
equivalent), skilled workers, unskilled workers and farmers.24 Data were collected partly from 58 
the Central Population Registry of Finland and partly from questionnaires based on the 59 
occupation in which they had practiced the longest. The occupational group distribution of 60 
athletes differed from that of brothers (p<0.001, χ² -test) (Supplementary Table 1).   61 
 62 
The data consisted of time and cause of death until December 31, 2015. The main outcome 63 
variable was total all-cause mortality, and it was analyzed by using Cox regression model. 64 
Secondly, the distributions of cause-specific deaths were analyzed by using cross-tabulations. 65 
Mortality data were collected from the National Death Register of Statistics Finland (causes 66 
of death; http://www.stat.fi/til/ksyyt/2005/ksyyt_2005_2006-10-31_luo_002.html).  67 
 68 
Comparison of athletes and brothers: the questionnaire study 2001  69 
 70 
In 2001 a postal questionnaire was sent to surviving elite athletes and brothers resident in 71 
Finland eliciting information on health, lifestyle and sociodemographic characteristics. In 72 
2001, 460 of 900 former athletes and 392 of their 900 age-matched brothers were alive; there 73 
were 199 athletes who with their 199 age-matched brothers responded to the questionnaire. 74 
We also did sensitivity analysis for the athletes (n=199) and all of their brothers (n=322) 75 
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(Figure 1). Furthermore, we used population controls (n=416), who were the unrelated 76 
controls in the present cohort.25  77 
 78 
Questionnaire-based covariates 79 
 80 
Body mass index (BMI) was calculated as self-reported weight/height2 (kg/m2). The volume 81 
of PA (MET-hours/day) was based on responses to three structured questions on intensity, 82 
duration and frequency of activity using a previously validated method.10,26 The participants 83 
were classified into tertiles of PA. Sedentary time was assessed by continuous variable called 84 
as sitting time (hours/day). 85 
 86 
Based on a detailed smoking history, we define smoking status as never, former, current or 87 
occasional smokers. Those who have never smoked more than 100 cigarettes lifetime were 88 
defined as never smokers. Former smokers had smoked more than 100 cigarettes in their 89 
lifetime, who had smoked regularly, but had not smoked during the last month. Current 90 
smokers were regular (daily or almost daily) smokers at the time of data collection.27 91 
Occasional smokers were men who smoked no more than 2 cigarettes in a week28 or had last 92 
smoked 2-30 days ago.29 Among current or ex-smokers, nicotine dependence was assessed 93 
using the Heaviness of Smoking Index (HSI), i.e.  2 items of the Fagerström Test for Nicotine 94 
Dependence (FTND): the number of cigarettes per day and the time to the first cigarette in the 95 
morning.30 The HSI sum score ranges from 0 – 6, reflecting the degree of physical 96 
dependence, and accounts for about 80 % of the variance in the FTND.25,31 97 
 98 
Alcohol use was assessed by questions on total alcohol consumption and heavy drinking 99 
occasions (HDO). Alcohol consumption based on quantity-frequency measures of beverage 100 
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use was converted into grams of pure alcohol per month as previously reported.29  Drinkers 101 
were classified as abstainers and light (3 or fewer drinks per week), moderate (more than 3 102 
but not more than 14 drinks per week) and heavy drinkers (on average more than 2 drinks a 103 
day).32  Heavy drinking occasions (HDO) were asked by  question on the frequency of 104 
drinking 5 or more alcoholic drinks on a single occasion  in the past 30 days.33 A HDO 105 
variable had three categories: no HDO, HDO 1-2 times a month and HDO at least weekly. 106 
 107 
Self-rated health (SRH) was measured by asking the participants to rate their own health 108 
status at this moment on a previously validated2 5-point Likert scale: 1) very good, 2) quite 109 
good, 3) average, 4) quite poor and 5) poor. Self-reported current symptoms and a history of 110 
physician-diagnosed chronic diseases were grouped as dichotomous variables, such as any 111 
chronic disease, hypertension with medication, angina pectoris, myocardial infarct, diabetes, 112 
kidney disease, gastric ulcer, asthma and osteoarthritis. A history of any sports injury- and 113 
Achilles tendinitis- or total rupture – was queried.  114 
 115 
Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL) were 116 
assessed by a total of nine items.34 These national survey questions were modified from 117 
classification of functional capacity.35-36 118 
 119 
Self-rated mood was defined by two partial scales (6 depression items and 6 anxiety items) of 120 
the short stress symptom survey extracted from the Brief Symptom Inventory-53 (BSI-53).37 121 
 122 
Statistical analysis  123 
 124 
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The descriptive data are presented as the mean and standard deviation (SD) or 95% 125 
confidence intervals (CI) if distributed normally; otherwise the results are shown as the 126 
median. The differences in the distributions of the categorical variables among different 127 
sports groups and brothers were examined using cross-tabulations with the Chi-square (χ²) -128 
test.  129 
 130 
The follow-up of all-cause mortality of each athlete and brother started from the time when 131 
the athlete was an elite athlete, and continued until the date of  death (outcome event), date of 132 
emigration (censoring event) or end of follow-up on December 31, 2015.  A paired Cox 133 
proportional hazards model was used to calculate age-adjusted hazard ratios (HRs) with 95% 134 
CIs for all-cause mortality of former athletes relative to their brothers. Post hoc analysis 135 
taking into account the number of comparisons was used to compare statistical differences 136 
between specific sports groups.  We also adjusted the mortality analysis for family clustering 137 
in the subgroup analysis based on all questionnaire 2001 respondents. The Cox regression 138 
assumptions were tested by using Schoenfeld residuals (ph-test in Stata) and  by plotting “log-139 
log plots”.   140 
 141 
The 2001 questionnaire data was mainly analyzed using non-parametric Wilcoxon`s signed 142 
rank test (a matched-pair analysis) for ordinal or continuous variables and McNemar`s test (a 143 
matched-pair analysis) for nominal variables to analyze the differences between each athlete 144 
and the age-matched brother. The Chi-square (χ²) -test and The Mann-Whitney-U-test were 145 
used to compare differences between athletes and all their brothers, because some of the 146 
variables were not normally distributed and variances were not equal. Homogeneity of 147 
variances were assessed using Levene`s test and normality using Kolmogorov-Smirnov`s test 148 
(p<0.05).  149 
7 
 
P-values <0.05 were considered statistically significant. Statistical analyses were performed 150 
using SPSS statistical software (version 24.0 for Windows; SPSS Inc., Chicago, IL) and Stata 151 
14.0 (Stata Corp, College Station, Texas, USA). 152 
 153 
RESULTS  154 
 155 
Mortality data 156 
 157 
The final sample for mortality analysis included 900 former elite athletes and their 900 age-158 
matched brothers.  Mean age at inclusion was 24.8 years and mean year of inclusion was 159 
1943, and median follow-up time was 52.0 years (ranging from 0.1 to 83.4 years). Study 160 
group characteristics are shown in Table 1. During the total follow-up period 1296 deaths 161 
occurred; 72.1% (n=649) of the athletes and 71.9% (n=647) of the brothers died. Natural 162 
causes accounted for death in 92.2% (n=1085) of the participants. The most common specific 163 
cause of death was ischemic heart disease (IHD), which occurred in 35.5% (n=418) of all men 164 
(34.3% (n=219) athletes, 36.9% (n=199) brothers) (Supplementary Table 2).  165 
 166 
Median age at death among the former athletes (75.9 years, 95% CI 75.1 to 76.7) was 167 
statistically significantly higher than among brothers (73.0 years, 95% CI 72.0 to 74.0). 168 
Median age at death among endurance  (79.9 years, 95%CI 79.1 to 80.7) and mixed sports 169 
athletes (75.9 years, 95% CI 75.1 to 76.7) was statistically significantly higher than among 170 
power sports athletes (74.1 years, 95% CI 73.3 to 75.0) (Table 2).  171 
 172 
 The age-adjusted hazard ratios (HRs) for all-cause mortality in former athletes was 0.75 173 
(95% CI 0.65 to 0.87, p<0.001) compared to their age-matched brothers (Table 2). In a 174 
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subgroup analysis, compared to their age-matched brothers HR for all-cause mortality was 175 
0.61 (95% CI 0.45 to 0.82, p=0.001) for endurance sports athletes, 0.85 (95% CI 0.65 to 1.10, 176 
p=0.220) for mixed sports athletes and 0.78 (95% CI 0.62 to 0.98, p=0.033) for power sports 177 
athletes (Table 2). In the sensitivity analysis the age-adjusted HRs for all-cause mortality in 178 
former athletes (n=900) was 0.76 (95% CI 0.67 to 0.86, p<0.001) compared to all their 179 
brothers (n=1855) (Supplementary Table 3).  180 
 181 
We found that in the individual-based non-pairwise analysis the assumptions of Cox 182 
regression model were violated suggesting a lower mortality of athletes at younger ages but 183 
less so at older ages. We divided the follow up time into two periods: age at entry to median 184 
age at death and median age at death to December 31, 2015. The age-adjusted pairwise HRs 185 
for all-cause mortality in former athletes was 0.68 (95% CI 0.57 to 0.82, p<0.001) compared 186 
to their age-matched brothers in the first follow-up period and 0.74 (95% CI 0.57 to 0.98, 187 
p=0.03) in the second period. The results of the sensitivity analysis were consistent with the 188 
results of age-matched pair analysis, but there was no difference in mortality during the later 189 
period (Supplementary Table 4).  190 
 191 
We also calculated adjusted HRs for all-cause mortality for all questionnaire 2001 192 
respondents until 2015. There were no differences in HRs between groups (Supplementary 193 
Table 5).  194 
 195 
Questionnaire data  196 
 197 
There were no statistically significant differences in anthropometric data between former 198 
athletes and brothers (Table 3). Mean MET-hours/month in 2001 were significantly higher 199 
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among former athletes than their age-matched brothers (4.4. vs. 3.2 MET-hours/day) 200 
(p<0.05).  More athletes (11.2%) than brothers (2.1%) participated in vigorous PA (p<0.05).  201 
The athletes sat less than brothers (p<0.001) (Table 3). 202 
 203 
Former athletes smoked less than their age-matched brothers (p<0.001), and among smokers 204 
the athletes were less nicotine-dependent. No significant differences in alcohol use were 205 
observed (Table 3).  Former athletes self-reported their health as very good much more 206 
frequently (20.6%) than their brothers (8.6%) (p<0.05). There were no statistically significant 207 
differences in specific chronic diseases, such as hypertension, heart disease, diabetes or 208 
asthma between former athletes and their brothers. However, brothers reported more chronic 209 
disease than former athletes (p<0.05). Former athletes had more self-reported physician-210 
diagnosed sports injuries and Achilles tendinitis than their brothers (p<0.05) (Table 4). There 211 
were no differences in mobility, physical or psychosocial functioning of daily living between 212 
former athletes and their brothers, except travelling by public transport. Mean of anxiety score 213 
was higher among brothers than among former athletes (p<0.05), and brothers felt themselves 214 
more restless and excited than former athletes (p<0.05) (Table 4). 215 
 216 
We also did sensitivity analysis based on former elite athletes (n=199), all of their brothers 217 
(n=322) and population control (n=416) (Supplementary Tables 6 and 7). The results were 218 
consistent with the results of age-matched pair analysis. 219 
 220 
DISCUSSION  221 
 222 
Principal findings  223 
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Former elite athletes survived 2-3 years longer than their brothers, with the largest difference 224 
seen for endurance athletes and none for power athletes. However, there was no difference in 225 
the risk of all-cause mortality between athletes and all of their brothers at older age. Overall 226 
SRH and health-related lifestyle habits of former elite athletes were better than those of their 227 
brothers. However, there were no significant differences in mobility, physical or psychosocial 228 
functioning of daily living between former athletes and their brothers who responded to the 229 
2001 questionnaire. The brothers showed evidence for worse mood than athletes.  230 
 231 
Strengths and limitations of our study 232 
 233 
This unique long-term follow-up study revealed novel data on associations between health-234 
related behaviour, and mortality among individuals from the same family, who share both 235 
genes and childhood environment. Valid death register data covering all participants was the 236 
strength of this study. Although our questions on PA,26 smoking38 use of alcohol39 have been 237 
previously validated, self-reported data on health-related behaviors is only based on an age-238 
matched respondents subgroup from 2001. We have neither exact data on level of PA across 239 
the lifespan nor health at younger ages among brothers. A partly insufficient data of SES or 240 
causes of death among brothers could be considered as a limitation. However, athletes and 241 
their brothers are from same family and differences in SES may be caused by athletic career. 242 
We do not exactly know how well the results can be generalized to non-athletes, women or 243 
today`s athletes from different sports groups or cultures, such as NFL players40-41 or U.S 244 
basketball players42 who seem to have high prevalence of clinically significant cardiac 245 
abnormalities. 246 
 247 
Comparisons with other studies   248 
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Observational studies in general have found that regular PA is associated with a lower risk for 249 
all-cause mortality,9-11 but high amounts of exercise among poorly trained individuals may 250 
increase risk for CVD morbidity and mortality compared to light to moderate amounts of 251 
exercise.9,15 Studies of elite athletes, i.e, among well-trained sportsmen do not support that. 252 
The pattern of training and frequency of high-intensity exercise needs to be taken into 253 
account. 254 
 255 
Our study extends previous findings that former athletes, especially former endurance sports 256 
athletes, have higher longevity and lower mortality than the general population.12-13 In 257 
general, runners have a 25%-40% reduced risk of premature mortality and live approximately 258 
3 years longer than non-runners43. Although high lifelong exercise volume among surviving 259 
athletes is associated with coronary artery calcifications,  the atherosclerotic plaques of the 260 
most active athletes have a more benign composition44. The evidence is mostly based on 261 
observational follow-up studies, one limitation of which is the difficulty of controlling for 262 
genetic or other selection bias. There is no an irrefutable evidence on a causal relationship 263 
between PA in adulthood and mortality. Based on previous studies on twins and former elite 264 
athletes8,10 and both animal and human findings,16-17,19 it could be proposed that some of the 265 
association between high PA and low mortality is explained by familial or genetic factors. 266 
Despite this, we see a lower mortality in former athletes, especially at younger age compared 267 
to their brothers knowing the limitation that some of the brothers may have had health 268 
concerns at the beginning of our follow-up.  269 
 270 
Our findings support previous studies that have shown athletes were more physically active 271 
than controls.12,22 But we also observed that brothers were more physically active and went in 272 
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for more vigorous activities than population controls (Supplementary Table 6), suggesting a  273 
familial contribution to PA that probably originated prior to the elite athletes career. 274 
 275 
Though brothers smoked more than former athletes, there was no difference in alcohol use. 276 
Former athletes are known to smoke less than controls,12,22  and  we find  that brothers also 277 
smoked less than population (Supplementary Table 6). It has been found that persistent 278 
physical inactivity in adolescence relates to adult smoking, even after familial factors are 279 
taken into account.45  280 
 281 
There were better SRH and less chronic diseases among former athletes in accordance with 282 
healthy life expectancy. However, brothers had less chronic diseases than population controls 283 
(Supplementary Table 7). There was no difference in disability, possibly because those with 284 
highest disability may not be able to respond to questionnaire. As earlier discussed both 285 
athletes and brothers were physically active, which could partly explain that no differences 286 
were found in functioning. Observational studies have found that regular PA is associated 287 
with better functioning and well-being especially at older age,5-6 and a lower morbidity.7-8 288 
 289 
Future directions  290 
 291 
Our results are based on men who were former athletes 50 or more years ago.   So, it is 292 
important to investigate the associations between PA, familial factors, health-related 293 
behaviour, and mortality among today’s athletes, non-athletes or women. Traditional and 294 
genetically informative designs are needed to investigate how elite performance related to 295 
future health outcomes. 296 
 297 
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CONCLUSIONS 298 
 299 
Former elite athletes have lower premature mortality than their brothers, and correspondingly 300 
better SRH and health-related lifestyle habits. Former endurance sports athletes and their 301 
brothers had reduced mortality compared to power sports athletes and their brothers. In 302 
conclusion, our findings support previous findings for a role of genetic or childhood family 303 
factors in determining high aerobic fitness and reduced mortality.  304 
 305 
 
What are the new findings?  
 Former elite athletes survived 2-3 years longer than their brothers. 
 There was no difference in the risk of all-cause mortality between athletes and all of their 
brothers at older age.  
 Overall SRH and health-related lifestyle habits of former elite athletes were better than 
those of their brothers. 
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                Table 1. Number of participants at entry to study and still alive in 2001, and December 31, 2015.  
 
Sports groups Participants 
at entry  
 
 
N 
Participants at entry 
included in statistical 
analysis 
 
          N         Mean age (SD) 
Participants alive in 2001 
         
 
 
       N      Mean age (SD) 
Questionnaire responders  
in 2001 included in statistical 
analysis 
 
         N        Mean age (SD) 
Participants alive in 2015 
 
 
         
         N        Mean age (SD) 
1. Endurance 
 
2. Mixed sports 
 
3. Power sports 
341 
 
941 
 
1142 
 
 
217* 
 
307† 
 
376
‡
 
 
 
27.0  (4.1) 
 
23.0 (3.0) 
 
24.5 (3.7) 
104 
 
177 
 
174 
71.8 (8.4) 
 
67.4 (8.7) 
 
68.1 (7.3) 
 
44 
 
80 
 
75 
69.1 (7.4) 
 
66.0 (8.1) 
 
67.0 (6.6) 
 
 
54 
 
106 
 
91 
81.6 (5.8) 
 
78.0 (5.8) 
 
79.5 (5.5) 
All athletes 2424 900 24.6 (3.9) 
 
455 68.7 (8.3) 199 67.1 (7.5) 
 
251 79.3 (5.8) 
 
          
Brothers 2673 900 
 
 
25.1 (6.6) 
 
 
393 
 
 
67.4 (9.6) 
 
 
199 65.9 (8.6) 253 
 
 
79.1 (8.0) 
 
Total         5097 1800 24.8 (5.4) 848 68.1 (9.0) 398 66.6 (8.0) 504 79.2 (7.0) 
Data are numbers at entry included statistical analysis. 
* Long distance running 95, middle distance running 45, cross-country skiing 77.  
† Soccer 75, ice hockey 33, basketball 22, high jump 17, pole vault 23, long jump 14, triple jump 15, hurdling 36, short-distance running 46, decathlon 26.  
‡ Weight-lifting 43, Boxing 95, wrestling 155, shot-put 18, discus 15, javelin 32, hammer 19.  
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Table 2. Age-adjusted hazard ratios (HRs) for all-cause deaths from time of entry to December 31, 2015 among former athletes (n=900) 
compared to age-matched brothers (n=900), mean (SD), median age at entry, median and mean age at death.  
 
Sports groups 
 
Mean age (SD) 
at entry 
Median age at entry Median age at death 
(95%CI) 
Mean age at death (95%CI) Age-adjusted HR 
(95%CI) 
P-value* 
Endurance (n=217) 27.0(4.1) 26.0 79.9(79.1-80.7) 77.5(75.7-79.3) 0.607(0.448-0.823) 
 
0.001 
 Mixed sports (n=307) 23.0(3.0) 23.0 75.9(75.1-76.7) 73.3(72.0-75.4) 0.848(0.652-1.104) 
 
 
0.220 
0.0030.673 
 
Power sports (n=376) 24.5(3.7) 24.0 74.1(73.3-75.0) 72.2(70.7-73.3) 0.779(0.619-0.980) .033 
All athletes (n=900) 24.6(3.9) 24.0  75.9(75.1-76.7) 74.0(73.0-75.0) 0.753(0.648-0.875) <0.001 
Brothers (n=900) 25.1(6.6) 25.0  73.0(72.0-74.0) 69.9(68.7-71.0) 1.000 - 
   *p-values for statistical differences between sports groups and brothers by a paired Cox regression analysis. 
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Table 3. Demographic and lifestyle characteristics (physical activity, alcohol use and smoking)   
among former athletes (n=199) and brothers (n=199). 
 
 Former athletes (N=199) Brothers (N=199) P-value  
Age (mean (SD)), years* 67.1(7.5) 65.9(8.6) 0.007a 
Marital status %(n)*   0.035b 
Single 
Married 
1.0(2) 
69.7(138) 
4.5(9) 
77.4(154) 
 
Remarried 
Cohabiting 
6.6(13) 
8.1(16) 
3.5(7) 
3.5(7) 
 
Divorced 
Widowed 
8.1(16) 
6.6(13) 
4.5(9) 
6.5(13) 
 
Anthropometric data 
Height, m, mean ( 95% CI) 
Weight, kg, mean( 95% CI)  
Mean BMI, kg/m2 ( 95% 
CI) 
 
175.9(174.8-177.0) 
81.4(79.6-83.3) 
26.2(25.8-26.7) 
 
175.1(174.2-176.0) 
81.4(79.7-83.1) 
26.5(26.0-27.0) 
 
0.13a 
0.94a 
0.41a 
Physical activity 
Mean MET- 
hours/day (95% CI)* 
 
 
4.4(3.7-5.1) 
 
 
3.2(2.7-3.6) 
 
 
0.012a 
Physical Activity tertiles†  
% (n) 
Less active                                                                     
Moderately active 
Highly active 
Types of physical activity 
%(n) 
No physical activity 
Walking 
Walking and jogging 
Jogging 
Brisk running 
 
Sedentary lifestyle  
Mean sitting time  
hours/day (95% CI)* 
 
 
34.7(69)
38.2(76)   
27.1(54) 
 
 
3.6(7)                                                                                 
45.2(89) 
32.0(63) 
8.1(16) 
11.2 (22) 
 
 
5.3(4.9-5.7) 
 
 
37.7(75)   
29.1(58)   
33.2(66) 
 
 
 
3.1(6) 
63.4(127) 
20.6(40) 
10.8(21) 
2.1 (4) 
 
 
6.3(5.8-6.7) 
0.734a 
 
  
 
0.001a 
 
 
 
<0.001 
Smoking 
Smoking status,% (n)* 
Current smoker 
Occasional smoker 
Ex-smoker 
Never smoker  
 
 
7.1(14)  
1.0 (2) 
25.9(51) 
66.0(130) 
 
 
13.9(27) 
2.1(4) 
39.2(76) 
44.8(87) 
 
2.57e-04a 
Heaviness of smoking index 
(HSI, range 0-6), mean 
(SD)* 
among current / ex-smokers 
 
 
 
1.5(1.6)/1.4(1.8) 
 
 
 
2.0(1.7)/1.3(1.5) 
 0.004 
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Alcohol 
Total alcohol consumption 
g/month (mean, 95% CI) 
 
184.9(136.2-233.6) 
 
239.3(137.0-341.6) 
 
0.58a 
Type of alcohol drinker 
%(n) 
Abstainer or light drinker 
Moderate drinker 
Heavy drinker       
 
 
67.3(134)   
21.1(42)   
11.6(23) 
 
 
60.3(120)   
25.6(51)   
14.1(28) 
 
0.062a 
 
Heavy drinking occasions 
(HDO) % (n) 
 
65.8(129) 
 
65.3(126) 
 
0.70b 
    
                                                                                                                            
 
 
 
    
 
 
   
  
  
 
At least once a week      10.2(20)                                       16.1(31) 
1-2 times a month          16.3(32)                                       18.1(35) 
No HDO                         73.5(144)                                     65.8(127)                                       
 
* p<0.05 for statistical differences between athletes and age-matched brothers by a) Wilcoxon`s signed rank -test or b) McNemar`s 
test. 
† Overall physical activity (MET-hours/day): MET-hours/day ≤  2.3 are less active, 2.3< MET-hours/day ≤ 4.5 are moderately active) 
and MET-hours/day >  4.5 are highly active. 
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Table 4.  Self-rated health, diseases, functioning of daily living, mobility, self-rated 
mood and working status among former athletes (n=199) and brothers (n=199). 
 Former athletes 
(n=199)  
Brothers 
(n=199) 
P-value  
 
Self-rated health (SRH) %(n)* 
 
   
3.3e-04a 
Very good 
Quite good 
20.6(41) 
48.7(97) 
8.6(17) 
48.0(95) 
 
Average 
Quite poor or poor 
26.1(52) 
4.5(9) 
34.8(69) 
8.6(17) 
 
 
Diseases %(n) 
   
Self-reported any chronic disease* 
Physician-diagnosed chronic disease 
43.2(83) 52.8(102) 0.039b 
     Hypertension with medication 33.7(67) 40.1(79) 0.12b 
     Angina pectoris 
     Myocardial infarct 
     Diabetes 
     Kidney disease 
17.2(25) 
10.6(21) 
3.5(7) 
4.0(5) 
17.4(26) 
11.1(22) 
6.1(12) 
2.7(9) 
0.13b 
0.86b 
0.16b 
0.74b 
     Ulcer 14.8(20) 17.9(26) 0.84b 
     Asthma  10.4(14) 14.7(21) 0.59b 
     Osteoarthritis 43.5(70) 37.0(57) 0.32b 
Sports injuries %(n)    
Any sports injury* 26.3(52) 16.3(32) 0.021b 
Achilles tendinitis* 21.1(37) 6.1(10) 0.003b 
Achilles total rupture 4.9(8) 1.9(3) 0.21b 
 
Mobility %(n)   0.26a 
No restrictions 84.3(161) 79.4(154)  
No ancillaries 14.7(28) 19.1(37)  
With ancillaries 
Functioning of daily living† 
Physical (score range 5-20), mean 
(95% CI) 
Physical, good functionality %(n)             
1.8(2) 
 
5.5(5.3-5.8) 
 
98.0(195) 
1.5(3) 
 
5.8(5.5-6.1) 
 
97.5(194) 
 
 
0.211a 
 
0.74b 
Physical, poor  functionality %(n) 2.0(4) 2.5(5) 
 
 
Psychosocial (score range 4-16), mean 
(95% CI) 
5.2(4.9-5.2) 5.3(5.0-5.5)  0.74a 
Psychosocial, good functionality% (n) 98.5(196) 98.5(194) 1.000b 
Psychosocial, poor functionality% (n) 1.5(3) 1.5(3)  
 
Self-rated mood (BSI-53)‡ 
Depression, mean (95% CI) 
Depression, % (n) with high score (≥8)    
 
 
2.1(1.7-2.5) 
6.5(13) 
 
 
2.6(2.1-3.1) 
8.5(17) 
 
 
 0.28a 
0.43b 
 
Anxiety, mean (95% CI)* 
Anxiety, %(n), with high score ( ≥7) 
 
2.1(1.7-2.4) 
7.7(15) 
 
2.7(2.3-3.1) 
10.1(20) 
 
0.048a 
0.59b 
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* p<0.05 for statistical differences between athletes and age-matched brothers by a) Wilcoxon`s signed rank -test or b) McNemar`s 
test.  
†Functioning of daily living (Activities of daily living scales (Mini-Finland Health Survey): 
Physical Two groups: 0= good functioning, score 1 or 2, 1= poor functioning, score 3 or 4 on any item 
Psychological Two groups: 0= good functioning, score 1 or 2, 1= poor functioning, score 3 or 4 on any item 
‡Self-rated mood (Shortened anxiety and depression scales of BSI-53): 
Depression Two groups: 0= no depressive, score ≤7.99, 1= depressive, score ≥8 
Anxiety Two groups: 0= no anxious, score≤6.99, 1= anxious, score ≥7 
 
Self-rated mood: 
The participants were asked to rate their mood at this moment on a 5-point Likert scale of 0-4: never (0), seldom (1), 
sometimes (2), often (3), and very often (4). So, the range of the sum scores was 0–24. The highest decile of the 
outcome variable (depression or anxiety) was considered an abnormal outcome, with others classified as not affected 
for the purposes of analyzing presence of a possible mood disorder. However, the scales are not diagnostic of clinical 
disease.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Working status %(n) 
   
 
0.67a 
Employed 15.6(31) 19.6(39)  
On old age pension 57.8(115) 50.8(101)  
On disability pension 13.1(26) 18.6(37)  
Unemployed 4.0(8) 3.0(6)  
Other 9.5(19) 8.0(16)  
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Table 1 Socioeconomic status (SES) among former athletes (n=900) and their age-matched brothers (n=900) 
Socioeconomic status* Former athletes %(n) Brothers %(n) 
Executives 20.9(188) 11.3(43) 
White collar 38.2(344) 24.7(94) 
Blue collar 30.3(273) 42.1(160) 
Farmer 7.5(68) 13.9(53) 
Unskilled worker 2.9(26) 6.8(26) 
Other 0.2(2) 1.1(4) 
Status unknown 0.8(7) 58.1(528) 
* p<0.001 for group differences in socioeconomic status by χ² -test and McNemar`s test. 
 
 
 
 
 
 
 
 
 
3 
 
Table 2 Causes of death among former athletes (n=900) and their age-matched brothers (n=900).  
 
 
 Causes of death* Athletes 
%(n) 
Brothers 
%(n) 
 (IHD) mortality 34.3(219)   36.9(199) 
stroke mortality 8.6(55) 10.0(54) 
cancer mortality 20.1(128) 16.1(87) 
smoking-related cancer mortality 4.1(26) 5.4(29) 
dementia mortality 6.0(38) 4.6(25) 
alcohol-related causes (code 41; 
alcohol-related diseases or 
accidental poisoning by alcohol) 
2.5(16) 2.0(11) 
other disease mortality 17.1(109) 15.8(85) 
mortality for natural causes 92.2(546) 91.3(494) 
mortality for external causes          
( including injury, suicide etc.) 
7.8(92) 8.7(45) 
  
Unknown cases 0.3(2) 0.4(2) 
Total 
Missing data† 
100.0(638) 
1.7(11) 
100.0(539) 
16.7(108) 
                                              * p=0.505 for group differences in causes of death by χ² -test. 
                                              †Difference between athletes and brothers is due to athletes` causes of death  
                                               were collected both from registries and manually. 
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Table 3 Age-adjusted hazard ratios (HRs) for all-cause deaths from time of entry to December 31, 2015 among former athletes (n=900) 
compared to age-matched brothers (n=1855), mean (SD) and median age at entry, median and mean age at death. 
 
Sports groups 
 
Mean age (SD) at 
entry 
Median age at entry Median age at death 
(95%CI) 
Mean age at death (95%CI) Age-adjusted HR 
(95% CI) 
P-value* 
Endurance (n=217) 27.0(4.1) 26.0 79.9(79.1-80.7) 77.5(75.7-79.3) 0.607(0.472-0.780) 
 
<0.001 
 Mixed sports (n=307) 23.0(3.0) 23.0 75.9(75.1-76.7) 73.3(72.0-75.4) 0.906(0.722-1.136) 
 
 
0.392 
0.0030.673 
 
Power sports (n=376) 24.5(3.7) 24.0 74.1(73.3-75.0) 72.2(70.7-73.3) 0.763(0.631-0.923) .0 5 
All athletes (n=900) 24.6(3.9) 24.0  75.9(75.1-76.7) 74.0(73.0-75.0) 0.757(0.667-0.858) <0.001 
Brothers (n=1855) 25.3(8.9) 25.0  72.5(71.5-73.5) 69.6(68.8-70.5) 1.000 - 
*p-values for statistical differences between sports groups and brothers by Cox regression analysis. 
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Tables 4a-d, Age-adjusted hazard ratios (HRs) for all-cause deaths, when the follow up time was divided into two periods: age at entry to 
median age at death and median age at death to December 31, 2015. 
 
 
Table 4a Age-adjusted hazard ratios (HRs) for all-cause deaths from age at entry until the median age at death (74.35 years) or death or 
migration prior to that overall median age among former athletes (n=900) compared to age-matched brothers (n=900). 
 
Groups 
 
Median age at death 
 (95% CI) 
Age-adjusted HR 
(95% CI) 
P-value* 
All athletes (n=900) 75.9(75.1-76.7) 0.683(0.567-0.823)     <0.001 
Brothers (n=900) 69.9(68.9-70.9) 1.000 - 
*p-values for statistical differences between sports groups and brothers by a paired Cox regression analysis. 
 
 
 
Table 4b Age-adjusted hazard ratios (HRs) for all-cause deaths  starting from the median age at death (74.35 years) to death, migration or end of 
follow-up (December 31, 2015) among former athletes (n=549) compared to age-matched brothers (n=480). 
 
Groups 
 
Median age at death 
 (95% CI) 
Age-adjusted HR 
(95% CI) 
P-value* 
All athletes (n=549) 82.2(81.8-82.6) 0.744(0.566-0.977)     0.033 
Brothers (n=480) 81.0(80.5-81.5) 1.000 - 
*p-values for statistical differences between sports groups and brothers by a paired Cox regression analysis. 
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Table 4c Age-adjusted hazard ratios (HRs) for all-cause deaths from age at entry until the median age at death (73.67 years) or death or 
migration prior to that overall median age among former athletes (n=900) compared to all brothers (n=1855). 
 
Groups 
 
Median age at death 
 (95% CI) 
Age-adjusted HR 
(95% CI) 
P-value* 
All athletes (n=900) 75.9(75.1-76.7) 0.681(0.578-0.802)     <0.001 
Brothers (n=1855) 72.5(71.5-73.5) 1.000 - 
*p-values for statistical differences between sports groups and brothers by a paired Cox regression analysis. 
 
 
 
 
Table 4d Age-adjusted hazard ratios (HRs) for all-cause deaths starting from the median age at death (73.67 years)  to death, migration or end of 
follow-up (December 31, 2015) among former athletes (n=571) compared to all brothers (n=975). 
 
Groups 
 
Median age at death 
 (95% CI) 
Age-adjusted HR 
(95% CI) 
P-value* 
All athletes (n=571) 82.0(81.6-82.4) 0.845(0.683-1.047)     0.124 
Brothers (n=975) 81.1(80.7-81.5) 1.000 - 
*p-values for statistical differences between sports groups and brothers by a paired Cox regression analysis. 
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Groups 
 
Age-adjusted HR 
(95.0% CI) 
P-value* Age- and BMI-
adjusted  
HR (95.0% CI) 
P-value* Age- and MET-
index-adjusted 
HR 
(95.0% CI) 
 
P-value* Age- and alcohol-
adjusted HR 
(95.0% CI) 
P-value* Age- and 
smoking-adjusted 
HR (95.0% CI) 
P-value* Age-, BMI, MET-
index-, alcohol- and 
smoking-adjusted 
HR (95.0% CI) 
P-value* 
All athletes (n=785) 1.027(0.866-1.217) 0.763 1.021(0.860-1.212) 0.812 1.072(0.896-1.283) 0.446 1.032(0.862-1.234) 0.734 1.122(0.945-1.331) 0.188 1.123(0.791-1.240) 0.226 
Controls (n=416) 1.064(0.857-1.321) 0.577 1.054(0.849-1.310) 0.629 1.039(0.831-1.299) 0.735 1.063(0.856-1.322) 0.579 1.040(0.841-1.286) 0.716 0.990(0.791-1.240) 0.933 
Brothers (n=567) 1.000 - 1.000 - 1.000 - 1.000 - 1.000 -   
*p-values for statistical differences between sports groups and brothers by Cox regression analysis adjusted for family clustering. 
 
 
 
 
 
 
 
Table 5  Age-, BMI-,  MET-index-, alcohol- and smoking-adjusted hazard ratios (HRs) for all-cause deaths 
starting from the questionnaire 2001 to death, migration or end of follow-up (December 31, 2015) among former 
athletes (n=785) and controls (n=416) compared to brothers (n=567). 
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Table 6 Demographic and lifestyle characteristics (physical activity, alcohol use and smoking) among 
199 former athletes, 322 brothers and 416 controls. 
 
 
 Former athletes 
(N=199) 
Brothers 
(N=322) 
P-value  Population control  
(N=416) 
Age (mean (SD)), years* 67.1(7.5) 64.9(9.1) 0.026b 67.4(7.0) 
Marital status %(n)*   0.014a  
Single 1.0(2) 6.5(21)  5.5(23) 
Married 69.7(138) 74.1(239)  71.4(297) 
Remarried 6.6(13) 4.0(13)  4.3(18) 
Cohabiting 8.1(16) 3.7(12)  4.8(20) 
Divorced 8.1(16) 5.9(19)  4.8(20) 
Widowed 6.6(13) 5.6(18)  9.1(38) 
Anthropometric data 
Height, cm, mean ( 95% CI) 
Weight, kg, mean ( 95% CI)  
BMI, kg/m2, mean ( 95% 
CI) 
 
175.9(174.8-177.0) 
81.4(79.6-83.3) 
26.2 (25.8-26.7) 
 
175.1(174.4-175.8) 
81.0(79.7-82.3) 
26.1(25.6-26.5) 
 
0.099b 
0.91b 
0.52b 
 
175.2(174.6-175.8) 
82.5(81.2-83.7) 
26.8(26.4-27.2) 
 
 
Physical activity 
Mean MET- 
hours/day (95% CI)* 
 
 
 
4.4(3.7-5.1) 
 
 
 
3.3(2.9-3.7) 
 
0.005 
 
 
 
2.4(2.1-2.7) 
Physical Activity tertiles† % 
(n) 
Less active 
Moderately active 
Highly active 
 
Types of physical activity 
%(n) 
No physical activity 
Walking 
Walking and jogging 
Brisk running 
Sedentary lifestyle  
Mean sitting time, hour/day 
(95% CI)*                                  
 
 
29.9(59)   
28.6(57)   
41.7(83) 
 
 
 
3.6(7) 
45.2(89) 
32.0(63) 
11.2(22) 
 
5.3 (4.9-5.7) 
 
 
38.8(125)   
30.7(99)   
30.4(98) 
 
 
 
2.2(7) 
62.7(197) 
19.4(62) 
 4.5(14)                                                          
 
6.2 (5.9-6.5) 
 
 
0.022a 
 
 
 
 
7.5e-05a 
 
 
 
 
 
<0.001 
 
 
 
53.3(213) 
26.8(107) 
20.0(80) 
 
 
 
9.5(38) 
72.1(290) 
11.9(48) 
1.5(6) 
 
6.0(5.7-6.2) 
Smoking 
Smoking status,% (n)* 
Current smoker 
Occasional smoker 
Ex-smoker 
Never smoker  
 
 
7.1(14)  
1.0(2) 
25.9(51) 
66.0(130) 
 
 
13.3(42) 
1.6(5) 
40.0(126) 
45.1(142) 
 
2.13e-04a 
 
 
17.3(70) 
1.5(6) 
44.7(180) 
36.5(147) 
Heaviness of smoking index 
(HSI, range 0-6), mean 
(SD) 
among current / ex-smokers 
 
 
 
 
1.5(1.6)/1.4(1.8) 
 
 
 
2.1(1.5)/1.9(1.5) 
 
 
 
0.16b 
 
 
 
2.6(1.4)/1.8(1.6) 
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* p<0.05 for statistical differences between athletes and theirbrothers by a) the Chi square -test for categorical variables and b) the Mann-Whitney-U-
test for continuous variables. 
†Overall physical activity (MET-hours/day): MET-hours/day ≤ 1.5 are less active, 1.5< MET-hours/day ≤ 4.0are moderately active and MET-
hours/day > 4.0 are highly active   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Alcohol 
Total alcohol consumption 
g/month (mean, 95% CI) 
 
 
184.9(136.2-233.6)  
 
 
237.1(162.8-311.3) 
 
 
0.40b 
 
 
258.7(207.-310.3) 
Type of alcohol drinker % 
(n) 
Abstainer or light drinker 
Moderate drinker 
Heavy drinker 
 
 
 
67.3(134)   
21.1(42)   
11.6(23) 
 
 
62.1(200)   
25.5(82)   
12.4(40) 
 
 
0.45a 
 
 
57.2(238) 
27.6(115) 
15.1(63) 
Heavy drinking occasions 
(HDO) % (n) 
At least once a week 
1-2 times a month 
 
 
10.2(20) 
16.3(32) 
 
 
15.7(49) 
18.6(58) 
 
0.13a 
 
 
16.8(67) 
16.6(66) 
No HDO 73.5(144) 65.7(205)  66.6(265) 
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 Table 7 Self-rated health, diseases, functioning of daily living, mobility, self-rated mood and 
working status among 199 former athletes, 322 brothers and 416 controls.  
 
 Former athletes 
(n=199) 
Brothers 
(n=322) 
P-value Population control 
 (N=416) 
 
Self-rated health (SRH) %(n)* 
   
0.003a 
 
Very good 20.6(41) 9.7(31)  7.0(29) 
Quite good 48.7(97) 50.9(164)  37.8(156) 
Average 26.1(52) 31.3(100)  42.9(177) 
Quite or very poor 4.5(9) 8.2(31) 
 
 12.4(51) 
Diseases %(n)     
Self-reported any chronic disease 
Physician-diagnosed chronic disease 
43.2(83) 50.2(158) 0.11a 58.4(236) 
     Hypertension with medication 33.7(67) 36.5(117) 0.63a 38.6(159) 
     Angina pectoris 
     Myocardial infarct 
     Diabetes 
     Kidney disease 
17.2(25) 
10.6(21) 
3.5(7) 
4.0(5) 
17.7(44) 
10.3(34) 
5.0(17) 
7.8(17) 
0.98a 
0.99a 
0.52a 
0.17a 
22.6(65) 
13.5(56) 
9.0(37) 
6.2(15) 
     Ulcer 14.8(20) 18.4(43) 0.39a 29.8(59) 
     Asthma  10.4(14) 14.4(33) 0.29a 17.7(47) 
     Osteoarthritis 43.5(70) 33.6(82) 0.059a 39.1(117) 
Sports injuries %(n)     
Any sports injury* 26.3(52) 15.2(49) 0.002a 7.6(31) 
Achilles tendinitis* 21.1(37) 5.6(15) 2.0e-05a 5.8(20) 
Achilles total rupture 4.9(8) 1.9(5) 0.069a 2.1(7) 
     
Mobility %(n)   0.72a  
No restrictions 84.3(161) 81.3(257)  78.2(322) 
No ancillaries 14.7(28) 17.1(54)  18.9(78) 
With ancillaries 
Functioning of daily living† 
Physical (score range 5-20), mean 
(95% CI) 
Physical, good functionality %(n)             
1.8(2) 
 
5.5(5.3-5.8) 
 
98.0(195) 
1.6(5) 
 
5.8(5.6-6.0) 
 
94.7(303) 
 
 
0.24b 
 
0.35a 
2.7(11) 
 
6.3(6.1-6.6) 
 
94.0(375) 
Physical, poor  functionality %(n) 2.0(4) 5.3(17) 
 
 6.0(24) 
Psychosocial (score range 4-16), 
mean (95% CI) 
5.2(4.9-5.2) 5.3(5.1-5.5) 0.10b 5.7(5.5-5.9) 
Psychosocial, good functionality 
% (n) 
98.5(196) 95.5(300)  0.65a 91.3(376) 
Psychosocial, poor functionality% 
(n) 
1.5(3) 4.5(16)  8.7(36) 
 
Self-rated mood (BSI-53)‡ 
Depression , mean (95% CI) 
Depression, % (n) with high score 
(≥8) 
 
 
2.1(1.7-2.5) 
6.5(13) 
 
 
2.5(2.1-2.8) 
8.5(27) 
 
 
0.14b 
0.70a 
 
 
3.1(2.8-3.4) 
7.4(30) 
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* p<0.05 for statistical differences between athletes and age-matched brothers by a) the Chi square -test for categorical variables and       
b) the Mann-Whitney-U test for continuous variables. 
†Functioning of daily living (Activities of daily living scales (Mini-Finland Health Survey): 
Physical Two groups: 0= good functioning, score 1 or 2, 1= poor functioning, score 3 or 4 on any item 
Psychological Two groups: 0= good functioning, score 1 or 2, 1= poor functioning, score 3 or 4 on any item 
‡Self-rated mood (Shortened anxiety and depression scales of BSI-53): 
Depression Two groups: 0= no depressive, score ≤7.99, 1= depressive, score ≥8 
Anxiety Two groups: 0= no anxious, score≤6.99, 1= anxious, score ≥7 
 
Functioning of daily living: 
According to Bäckmand et al (2010) questionnaire 2001 respondents were asked to assess their functional ability to 
perform each of the activities by choosing one of following alternatives: 1 = I perform this without difficulty, 2 = with 
some difficulty, 3 = with considerable difficulty, and 4 = not at all. Then, it was defined those who reported poor 
function (score 3 or 4) for at least one of the tasks as having poor physical functioning, while others were classified as 
having normal functioning, and it was made likewise for psychosocial functioning. 
Reference: 
Bäckmand H, Kujala U, Sarna S, et al. Former athletes’ health-related lifestyle behaviours and self-rated health in late 
adulthood. Int J Sports Med 2010;31(10):751–8. 
 
Self-rated mood: 
The participants were asked to rate their mood at this moment on a 5-point Likert scale of 0-4: never (0), seldom (1), 
sometimes (2), often (3), and very often (4). So, the range of the sum scores was 0–24. The highest decile of the 
outcome variable (depression or anxiety) was considered an abnormal outcome, with others classified as not affected 
for the purposes of analyzing presence of a possible mood disorder. However, the scales are not diagnostic of clinical 
disease.  
 
 
 
Anxiety, mean (95% CI)* 
 
2.1(1.7-2.4) 
 
2.7(2.3-3.0) 
 
0.008b 
 
3.0(2.7-3.3) 
Anxiety, %(n), with high score ( ≥7) 7.7(15) 9.4(30) 0.59a 5.8(23) 
 
Working status %(n) 
   
0.064a 
 
Employed 15.6(31) 23.1(74)  11.1(46) 
On old age pension 57.8(115) 48.0(154)  53.4(222) 
On disability pension 13.1(26) 18.7(60)  20.2(84) 
Unemployed 4.0(8) 2.5(8)  4.1(17) 
Other 9.5(19) 7.8(26)  11.3(47) 
